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T HE VALIE of serologic tests in the
dliagnosis anid prognosis of coccidioidoiniy-

cosis lhas beein establislhe(d in long-term studies
at the University of Californiia School of Pub-
lic Healtlh (1, 2). Prognostically, a serum
titer greater tllani 1: 16 in the quantitative com-

plemen-t fixationi test lhas inidicated increased
likelilhood of disseminliationi of the inifectioni.
Com-iplemenit-fixinig titer s have exceeded this
"ci-itical' level in serumln samllples fronm three-
fiftlhs of more than 700 patieints witlh dissem-
imated disease anid froim five-sixtlhs of approxi-
inately 300 patienits witlh exteinsive (lissentina-
tionls otlher tliani meningitis. Onl the otlher
lhand, in ser-um sacmples fronti more. tliani3,000
patienits witlh primiiary nonidisseminiated disease,
coitiple-llent-fixiiig titers exceedinig 1: 16 have
been observed in less thlani one-tenitlh.
These dia(gnlostic and progniostic values hlave

beeit detei-ninie(d byb a single complemtetet fixa-
tioIn techlnliqule. Not all lIaborator-ies, lhoweverl,
rouitinely use tlhe samie procedure. Sihtce op-
timial intilizatioii of seirologic tests for coc-
ci'doidomvycosis will be fav-ored if laboratories
cani ulse, withioult mlo(lificationl, the teclihniques
iil wNhich tltey are skille(I (3), it is impl)ortant to
deterninie wh-letlter otlher comiipleittenit fixatiolt

for

coccidjlotdomycosis

techniques are diagitost ically applicable. In
pallticidal, it is imiiportanit to learni whetlher they
alter the prognostic use of the critical titer.

Therefore, in 1948 a study was initiated to
evaltuate the conisistenicy of five techniques of
comiiplem:lenit fixation. A corollary purpose was
to deterin-iie the applicability of a positive conl-
trol seruinm stancdardized to approximiate the
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titer critical for disseminationi. Collaborating
with the UTniversity of California Schlool of
Public Health in this study were the Rocky
Mountain Laboratory of the Public Health
Service, the -Army AMedical Service Graduate
Schlool (now the Walter Reed Army Institute
of Research), and the Fort Miley Veterans
Administration Hospital. The investigations
were sponsored by the Commission on Acute
Respiratory Diseases, Armed Forces Epidem-
iological Board, whlichl is supported by the
Office of the Surgeon General, Departmenit of
the Army.

Method of the Study

The serum samples tested were specimens sent
to the University of California School of Pub-
lic Health for serologic tests for coccidioidomy-
cosis. After an initial test, appropriate speci-
mens of sufficient volume were divided into five
equal parts. Three were sent as unknowns to
the collaborating laboratories and two were
retained.
Serums of persons witlhout coccidioidal dis-

ease and of patients having various clinical
forms of the infection were included in each
set of unknowns. Using a 1: 8 dilution of lot
47-54 of the previously described antigen (1),
each collaborating laboratory performed quan-
titative complement fixation tests by the
method it routinely uses. The University of
California tested the specimens a second time
witlh the original technique of binding for 2
hours at 370 C. and simultaneously with 18-

hour 40 C. binding. The five methods are out-
lined in table 1. The collaborating laboratories
returned the results to the University of Cali-
fornia for tabulation. Onily specimens witli
four plus (+ + + +) values were considered
positive.
The study was continued for 4 years, during

wlich time a total of 508 hunman serum samples
were submitted to each collaborator. These
were derived from a group of 18,500 specimens
(2) witlh serologic patterns similar, except for
slightly higlher titers in all varieties of the in-
fection, to those of the 21,000 specimens de-
scribed in the initial report (1). Unfortu-
nately, many tubes were broken or the serums
became anticomplementary during transit.
Consequently, the numbers actually tested by
the different methods varied. However, a total
of 206 specimens were tested by all five methods.

Specificity

Forty of the 508 specimens were from in-
dividuals knowin not to lhave coccidioidal in-
fection. Seventeen were satisfactorily tested
by all five methods. Only a single specimen
was reported as positive by one laboratory
(titer, 1: 256).

Comparison of Titers

The comparisoni of titers obtained with the
various techniques of complemenit fixation is
based on analysis of the 206 serum samples
tested by all five methlods.

Table 1. Methods used by collaborating laboratories in performing complement fixation
tests for coccidioidomycosis

Laboratory

Number
of units
of com-
plement

Binding

Time
(hours)

Tempera-
ture (de-
grees centi-

grade)

Hemolytic systein

Time
(hours)

Tempera-
ture (de-
grees centi-

grade)

End
point
(per-
cent)

Universitv of California 1 2 2 37 1 37 100
Universitv of California 2 18 4 1 37 100
Rocky Mountain Laboratory 2 1 37 1 37 100
Fort Miley Veterans Administration Hospital 4 18 4 /' 37 50
Army Medical Service Graduate School - 3 18 4 % 37 50

1 The method also of the initial test, references 1 and 2.
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Table 2. Factors of comparison and percentage
agreement among five methods of coccidioidal
complement fixation

Method

U. of C. 2-hr. 370 C. with
original U. of C. 2-hr. 370 C.

U. of C. 2-hr. 370 C. with
U. of C. 18-hr. 40 C.

U. of C. 2-hr. 370 C. with
RML 1-hr. 370 C.

U. of C. 2-hr. 370 C. with
Fort Miley 18-hr. 40 C.

U. of C. 2-hr. 370 C. with
Army 18-hr. 40 C.

U. of C. 18-hr. 40 C. with
Fort Miley 18-hr. 40 C.

U. of C. 18-hr. 40 C. with
Armv 18-hr. 40 C.

Factor of
comparison

Same-

2-fold
increase.

2-fold
increase.

2-fold
increase.

5-fold
increase.

Saine --

2f§-fold
increase.

Percent-
age

agree-
ment

94

93

88

76

88

80

88

The results of the original test and those of
the repeat test at the University of California
using the 2-lhour 370 C. techniique sliow agree-
menit of 94 percent whlen the usual allowan-ice is
made for a variation of one serial dilutioni.
However, even this differenice demonistrates the
importance of repeating the complemeent fixa-
tion test of a previous specimen conicurrently
with a new specimen. Otherwise, prognosti-
cally significant, changes may be wrongly in-
ferred.
Comparison of the simultaneous tests witlh 2-

lhour 370 C. binding anid with 18-lhour 40 C.
biinding at the University of Californiia iiidi-

ca.tes a consistent shift one serial dilution higlher
in the latter. Again there is agreement of 94
percent within a one-serial-dilution variation.
The 1-hour 370 C. techlnique of the Rocky

AMountain Laboratory also produces titers one
serial dilution higher than those of the Uni-
v-ersity of Californias 2-lhour 370 C. method.
For these two metlhods, agreement is 88 percenit
wlheni a variation of one serial dilution is al-
lowed.
The metlhod of the Fort Miley Veterans Ad-

ministration Hospital, in wlichl 18-lhour 4° C.
bindinig and four 50-percenit units of comple-
menet are used, results in slightly greater scat-
terinig of titers than the 2-lhour 370 C. method.
A relatively large number of specimens founid
positive by other miiethliods were negative by the
Fort 'Miley techn-iique. Nevertheless, agree-
ment at onie serial dilution hiiglher tlhan the Uni-
versity of California's values is 76 percent.

IUse of tlhree 50 percenit uniits of complement
anld ani overniglht period at 40 C. for fixation,
the metlhod of the Army MNedical Service Gradu-
ate Schlool, results In titers 5 times hiigher tlhan
the Uiniversity of California's two 100-percent
units of complemenit and 2-hour 370° C. binding.
Agreemenit betweeni these two techlniques is 88
percent.

Since tlhe Fort Miley anid the Army techl-
niques botlh include 18-hour icebox binding, the
results obtained with these two methods have
beeni compared with thlose obtaineed witlh similar

Table 3. Percentage distribution of maximal complement-fixing titers in serums of patients with
primary coccidioidal infection: comparative results of six tests

AMaximal titer of complement
fixation, other than Army

2
4
8
16
32
64
128
256

<32
<64

U. of C.
2-hr. 370 C., U. of C.
concurrenit 2-hr. 370 C.

series (percent of
(percent of 109

1,365 patients)
patienits)I

42 46
23 22
16 14
10 11
7 2
1 3
1 1

(0. 3) 1

91 93
98 95
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U. of C.
18-hr. 40 C.
(percent of

142
patients)

13
27
28
15
13
1
2
1

83
96

RAIL
(percent of

103
patieIlts)

26
29
15
10
10
4
2
4

80
90

Fort
Milev

(percent of
84

patients)

27
26
23
10
8
3
2
1

86
94

Mlaximal
titer of com-
plement
fixation,
Arm-

5
10
20
40
80
160
320
640

<80
<160

Army
(percent of

112
patients)

18
2'3
30
13
9
5
1
1

84
93

I
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Table 4. Percentage distribution of maximal complement-fixing titers in serums of patients with
coccidioidal pulmonary residuals (with and without cavities): comparative results of six tests

U. of C.
2-hr. U. of C. U. of C. RML Fort Maximal Army

370 C., 2-hr. 18-hr. (percent Miley titer of (percent
Maximal titer of complement concurrent 370 C. 40 C. of 40 (percent comple- of 41
fixation, other than Army series (percent (percent patients) of 31 ment fix- patients)

(percent of 47 of 48 patients) ation,
of 384 patients) patients) Army

patients)

2--- 56 49 35 38 39 5 10
4 25 26 23 18 29 10 22
8-- 10 13 21 10 20 20 27
16 ------------------- - 6 6 10 22 6 40 19
32 3 6 9 8 6 80 17
64 0 0 2 2 0 160 2
128 -------------------- 0 0 0 2 0 320 3
256 --------- - 0 0 0 0 0 640 0

<32 97 94 89 88 94 < 80 85
<64 100 100 98 96 100 < 160 97

fixation at the University of California. The
latter, as one recalls, yields titers one serial
dilution higher than does the standard 2-hour
370 binding. Also, the titers at Fort Miley are
one serial dilution higher than those of the
University of California's standard technique.
Thus, it would be expected that the Fort Miley
test and the University of California's over-
night test would produce titers of the same
level. This assumption has been found to be
correct, with an agreement of 80 percent. By
the same reasoning, results of the Army test
should correlate with the results of the Uni-
versity of California overnight, icebox binding
at a 21/2-fold increase in titer. This, too, has
been found to be true, with the excellent agree-
ment of 88 percent.
The factors of comparison for the various

techniques, together with the degree of agree-
ment, are summarized in table 2.

Comparison of Prognostic Applications

As previously noted, experience at the Uni-
versity of California with the 2-hour 370 C.
technique of binding complement has indicated
that 1: 16 is the titer critical for disseminated
coccidioidal infection. The present study has
shown that the results of four other techniques
are consistently comparable with the results of
the 2-hour 370 C. procedure. By use of the
factors of comparison given in table 2, the

"equivalent" critical titers for these four tech-
niques are estimated to be as follows:
University of California 18-hour 40 C_------- 1: 32
Rocky Mountain Laboratory 1-hour 370 C_----- 1: 32
Fort Aliley 18-hour 4° C_-------------------- 1: 32
Army 18-hour 40 C_------------------------- 1: 80

The maximal titers of complement fixation
in the serums from individual patients with
primary coccidioidal infection are compared in
table 3. The numbers tested by the different
methods vary because of unsatisfactory (broken
or anlticomplementary) specimens. If multiple
specimens from the same patient are included
in the comparisons, only the maximal titer is
indica.ted. Also shown in this table are the
results of the entire series of specimens from
patients with primary infection (designated
"concurrent series") from which the samples
for the comparisons were obtained. The cumu-
lative percentage distributions at the respective
critical titers indicate that these levels con-
sistently include between 90 and 96 percent of
the patients' serums.

Correlation among the five techniques for
fixing complement is close also for patients with
coccidioidal pulmonary residuals (with or with-
out cavities), as shown in table 4. The previ-
ously reported studies revealed that serums of
patienits with this form of the infection fix
complement at titers even lower than do those
of patients with primary infection. In the
present study, from 94 to 100 percent of the
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patients' serums Iieno higher tlhani the equiva-
lenit critical titers.
The clharacteristically liglh titers of comple-

menit fixationi in serum-Ys of l)atients w^itlh dis-

senijiatedldisease are slhown in table 5. Tlhe
critical titers aie exceede(d in from 41 to 5. per-
cent of the patients' serums.
The accoinpanlying illustrat iol slhows the

Table 5. Percentage distribution of maximal complement-fixing titers in serums of patients with
disseminated coccidioidal infection: comparative results of six tests

Maximal titer of coimplemeint
fixation, other thani Armv

U. of C.
2-hr.
370 C.
conicur-

renit series
(percent
of 300

patients)

6
-I1 6

9
14
19
17
13
16

35
54

U. of C.
2-hr.
370 C.
(percent
of 66

patientts)

8
17
9

21
21
14
6
4

U. of C.
18-hr.
40 C.

(percent
of 67

patieints)

3

9;
17
21
21
13
7

RAIL
(percent
of 60

patients)

10
5
7

13
18
10
17
20

55 38 35 :36 <80
59 53 58 <160

Cumulative percentage distributions of maximal complement-fixing titers for three types of coccid-
ioidal infection: results of four methods adjusted to equivalence with the University of California
2-hour 370 technique.

z 256 256
* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ol
a12812

0
u.. PULMONARY RESIDUAL WITH AND WITHOUT CAVITY(t64 64
z
0
! 32 0
x

16 -- 6

-J

8 EX~~~~-DSSEMIINATED 8

4 ~~~~~~~~~-PRIMARY 4

0 10 20 30 40- 50o 60o 70 80 90 060 0 10 20 30 40 50 60 70 80 90 -6

Number o.f patients

U. of C. 2-hr. 37l C., concurrent series
U. of C. 2-hr. 370 C., comparative series
U. of C. 18-hr. 40 C., comparative series
RML 1-hr. 370 C., comparative series
Fort Miley 18-hr. 40 C., comparative series
Army 18-hr. 40 C., comparative series

lissemi-
Primary nated

1,365 300
109 66
142 67
103 60
84 55
112 50
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Fort
Milev

(percenlt
of 55

patienits)

2
4
8
16f
32
64
128
256

<32
<64

Maximnal
titer of
comple-
Ienlt

fixatioin,
Army

5
10
20
40
80
160
:320
640

Armyiv
(perenIlt
of 50

patienits)

2
4
12
8

22
24
18
10

26
48

7
5
6

18
22
11
24
7

* 0

O- O
A A

A AL
*

Pulmonary
residcIcl

384
47
48
40
31
41

CUMULATIVE PERCENTAGE
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cumulative percentage distributions of the nmax-
imal titers for the three categories of patients
when the results of the four other methods are
adjusted to equivalence with the results of the
Ulniversity of California 2-hour 370 C. proce-
dure. In eaclh category, all the distribution
curves are remarkably similar. This finiding
furtlher demonstrates that results obtained by
a variety of complement fixation teclhniques are
comparable, provided aIn index of equivalence
can be devised. The contrast in the patterns of
the curves in the nondisseminated and the dis-
seminated infections also can be seen in this
illustration.
For patients with disseminated disease, the

titers of the comparative tests are not quite as
high as those of the total concurrent series. A
possible reason for this discrepancy is that
specimens for the comparative study frequently
have beeni selected from patients with earlier
positive specimens. Altlhough only the maxi-
mal titer is selected for a single patient, such
repeat specimens characteristically come from
less severely ill patients. Unfortunately, the
volume of serums sent us from seriously ill
patients who die of fulminating disease lhas
been too small to permit use of these serums in
the comparative tests. Thus the comparative
series is weighted by patients with less severe
disease whose serums have lower titers.

Standard Positive Control Serum

Laboratories performing complement fixa-
tion tests for coccidioidomycosis require a pos-
itive control serum. One feasible method for
comparing the results of different techniques
would be to lhave this positive control stand-
ardized at the critical level. Accordingly, Cut-
ter Laboratories was supplied with suspensions
of multiple strains of Coccidioides immit's in
the mycelial phase. A series of horses was in-
fected intravenously. After precipitin and
complement-fixing antibodies had developed,
the serums were harvested and pooled. Var-
ious dilutions were made with normal horse
serum and, together with normal horse serums,
sent out under fictitious names as part of the
comparative testing of human serums.
The results obtained with the five comple-

ment fixation techniques are summarized in

Table 6. Titers obtained on various dilutions of
horse serums by collaborating laboratories

Dilution of
serum

Undiluted
2
4-
8
16 -----

32
64
128 ----

256

Unidiluited
2
4-
8
16 - - - - -

32
64
128 -----

256

U. of U. of
C. C.

2-hr. 18-hr.
370 C. 40 C.

I _

RML Fort
Miley

Army

Range of titers

32-256
16-64
8-32
4-16
2-8
0-4
2
0
0

64-256
32-128
32-128
8-16
4-8
2-4
4
2
0

128-256
32-128
16-32
2-16
4-16
0-4
2
2
0

64-256 640-1280
32-64 160-640
32 80
2-8 40-80
4 20
0 10

10
5

0 0

Modal titer

64
32
16
8
4
2
0
0
0

128
64
32
16
8
4
2
0
0

128
32
32
16
8
4
2
0
0

128
64
32
8
4
2
0
0
0

320
160
80
40
20
10
5
0
0

table 6. Regardless of the nmethod employed,
the pooled horse serums diluted 1: 4 approxi-
mate the critical titer. Each of the five sets
of normal horse serums h-ias been negative.
Tlhus the objective of a stanidardized positive
control serum appears to lhave been achieved.
Bieberdorf (4), recognizing the necessity of
a positive control serum for coccidioidal com-
plement fixation, lhas proposed the use of lyoph-
ilized serum from infected rabbits. Use of
the positive control serum in combination with
the critical titer to provide an index of equiv-
alence, as discussed above, appears more desir-
able. Also, a larger volume of appropriately
standardized positive serum cani be obtained
from the lhorse.
Although Bieberdorf discusses the relative

merits of the specificity of coccidioidal rabbit
serum with antigens of Histoplasma and Bias-
tomyces, we believe that specificity in a se-
rum control is not a primary conisideration.
The control is to be used in tests with coccidi-
oidin as the only antigen. Thus the results
will relate only to the titers of the serums that
are tested witlh this substance. Campbell and
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Salvin lhave botlh fouind m-arkedly stronig cross

reactions in thle lhorse serums wlheii they use
antigens of His8toplasnma capsulatunm and Blas-
toinyces dern?atitidis. However, these find-
inigs relate to the lack of specificity of these
twvo lheterologous aintigenis. The testing of lhu-
mana serums is a wholly different miatter. In
these complenment fixation tests coccidioidin ap-
pears to lhave a relatively high degree of
specificity. Nevertheless, as discussed earlier
(2, 5), cross reactions in humnan serums shouldl
be kept in mind.
To investigate furtlher the practicality of the

geiieral use of complemient fixation tests for
coccidioidomycosis, a second study with eight
additional collaboratinig laboratories is now
under way. Only 2 of the 13 comnplement fixa-
tion methods are alike. Tlhus this study is
investigatinig not onily the variationis of coIn-
plenment, fixation results wlichl mnay be encoun-
tered but also the degree of consistency and
reproducibility of the com-parative values and
wlhether the control lhorse serumancabie success-
fuilly lyoplhilized at a stan(dardlizedl critical titer.

Summary

A study of five different techiniques for per-
forming quaantitative complement fixation tests
for coccidioidcomycosis by four laboratories lhas
revealed indexes of comparability. When these
factors of equivalence are applied to the results
of the complement fixation tests in various clin-
ical types of coccidioidal infection, the titers
follow the clharacteristic distribuition curves of
onldisseminated anid disseminated infections ir-

respective of the teclhniquie used. The conisist-
ency of the results inidicates that the quanitita-
tive comiplement fixationi tests lhave genieral

prognostic as wvell as diagnostic applicability.
An appropriately diluted serum from infected
lhorses appears to set a "critical titer" above
whiclh dissemination is frequent anid at anLd be-
low wlliclh it is infrequienit by wlhatever mnetlhod
is used. The inivestigationi is n-owv being ex-
tenelded to a larger niumber of laboratories.
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DOCUMENTATION NOTE

Seven tables presenting comparative results of the
five methods of complement fixation have been de-
posited as documnent No. .5358 with the Aimerican Docu-
mentationl Instittute Auxiliary Publications Project,
Photoduplication Service, Library of Congress, Wash-
ingtoni 2., D. C. A photoprint copy may be obtained
by reemittinig $1.23; al 35-mmllll. miiierofillm copy by re-
miittiing $1.23). Cite documeint nuniiber. Advance pay-
ment is required. 'Make checks or money orders
payable to Chief, Photoduplication Service, Library of
Coingress.
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